Abstract. We propose a model for explanation the "domain-wall" type configuration states in binary lipid mixtures of cationic and neutral lipids, associated with observed relaxation effects in their aggregates. We apply the analogy with formation of Kibble-Zurek topological defects, which we suppose connected with structural dynamics of the lipid phases. In frames of the proposed model, the density of kink-type defects and the energy of the configurations are calculated.
Introduction
A number of applications for lipids and their mixtures in the biomaterial technology, therapy and industry cause the necessity of careful theoretical predictions of their phase transformations. Lipidic aggregates, as well as lyotropic systems at all, are ideal substances demonstrating the quantum topological phase transitions ( [1, 2] and references therein). Some experiments on polar fluids [3, 4] reveal new interesting phenomena of their self-organization [5] .
For concentrated suspensions, pastes, emulsions, foams, and associative polymers, the mechanism of structure relaxation in soft solids, which is based on the mechanical anelastic spectroscopy in rheological frequencies, was proposed by Wyss and coworkers [3] . Amplitudedependent measurements have shown, that when the strain rate becomes large, it can itself drive the slow structural relaxation process at the time scale of the imposed strain rate [3] . Also, under an applied strain, the observations of high-frequency shifts cause to interpret the enigmatical slow relaxation dynamics in a principally new way. While, the authors [3] seek an explanation of their measurements in analogous phenomena in supercooled fluids [4] .
From the other side, the recent anelastic spectroscopy studies [5] of dynamical processes on neutral DMPC (dimyristoil phosphatidylcholine), DOPE (di-oleoyl phosphotiylethanolamine) lipids, cationic DDAB (dimethyldioctadecylammonium), DOTAP (di-oleoyl trimethyl-ammonium) lipids, and their DOTAP/DOPE and DOTAP/DMPC mixtures brought out the hypothesis of new micro-and nanoscale structure heterogeneities in the lipid membranes [5] , which look like onto domain walls. These observations have been carried out in a wide temperature range starting with the supercooled state, and at wide-range excitation frequencies (10 2 − 10 4 Hz), with the lipids deposited on a solid substrate.
Weak frequency-dependent shifts in the elastic modulus are observed at these cryogenic temperatures; peaks on the relaxation curves at the low-dynamics regime are closed by the typical "smooth" relaxation, so, the observations evidence collective short-range motions of the lipids [5] .
Also, one may indirectly compare these data with neutron scattering [6] and atomic-force microscopy (AFM) [7] on some neutral and cationic lipids and their mixtures.
Hence, a number of soft matter phenomena can be described in the common interdisciplinary modeling associated with a mechanism of forming of topological defects, such as domain walls, or vortex strings.
Formation of topological defects
Generally, in the cases specified above, the phase transitions are continuous. The Kibble-Zurek (KZ) mechanism of formation of the domain-wall type defects in an adiabatic regime is convenient for a description of dynamics of these transitions [8, 9] . As topological defects, domain walls are broadly known in their universality [10, 11] , from cosmological models to the theory of condensed matter [1, 12] .
The initial Landau-Zener (LZ) Hamiltonian [13] of a two-level system expresses the dynamical processes at classical phase transitions. Afterward, the LZ Hamiltonian has been generalized onto quantum phase transitions.
Here, we identify the domain-wall defect formation with the some quantum phase transition at the last ("adiabatic") stage of the LZ-type evolution, which includes three regimes in general [8] . Then, one may apply a formalism of adiabatic quantum computations, or Quantum Annealing (AQC-QA), with the KZ approach [12] in absence of frustrations.
This modeling enables us to estimate a density of kinks and a residual energy, corresponding to the one-dimensional quantum Ising system with the time-dependent term of a transverse field, the Hamiltonian of which is [12] :
here, σ i z , σ i x are the Pauli matrices for the i-th spin of the chain. J i denote random couplings between neighboring spins, and h i is a random transverse field. The function of time Γ(t) serves for rescaling a transverse field h i at an annealing rate τ -1 :
One should note, that following the KZ scenario, in the end of the ordering into a nonequilibrium state, the transition time τ Q and the average finite ordered domain size ξˆ are connected
where z and ν are critical exponents [14] . The LZ Hamiltonian describes the evolution of a system in time t:
In the adiabatic-impulse approach, with the evolution of a system in time t from -∞ to 0, after completion of the transition, the density of kinks equals [15] :
In other words, dynamics in a system can be exactly described by a series of uncoupled LZ systems [15, 16] . The authors of [12] have analyzed the fermionic Hamiltonian received by applying the JordanWigner transformation to the Hamiltonian (1). To treat the question of dynamics, they have solved a system of linear differential equations received from the fermionic Bogoliubov's equations by means of the known ansatz.
So, in agreement with [14] , at a finite τ and at LZ factor, scaled by the Bogoliubov-de Gennes transformation, the density of kinks and the residual energy, reduced to the total lattice size L, can be estimated respectively by the next relations [12] :
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The ζ parameter has been found numerically, ζ ≈ 3.4 ± 0.2 [12] . γ are the Bogoliubov operators diagonalizing H(t); Π is the universal function, and . E res = E t -E cl , here, E t denotes the timeevolved state energy, and E cl is the classical ground state energy; L is the lattice size, and ) ( τ ε L is a length of the defect-free region upon annealing. The critical point probability (ibid) is
(8) g c denotes the characteristics g in the critical point. The exact chain's probability P depending on concentration is known [15] . In principle, we know the classical 2D Ising simulation with Glauber dynamics [9] (the heat bath algorithm) for a non-equilibrium system under the KZ mechanism. The continual version of the Hamiltonian with pure relaxation time is given there. It seems useful for our goal, because, in such model, the "domain walls" are always annihilating [9] . However, we can not follow it directly by virtue of the reasons shown below.
Numerical modeling and results
According to the hypothesis of displacing lipids motion [5] , we carry out the numerical experiments in the spirit of the quantum model of [12] and references therein, but for a 3D Ising lattice allowing frustrations.
To involve "concentration" in this modeling, we have to keep a number of particles during simulations.
At free field parameters, let us assume that the Hamiltonian (1) is a bosonized Hamiltonian of our particles, so that we operate with the spin variables σ = ± 1.
Then, above the critical point [17] , at the periodical boundary conditions on the bcc-lattice of 48 × 48 × 48 and 60 × 60 × 60 sizes, we calculate this energy (Fig. 1 ) and the kink density (Fig. 2) .
For the Hamiltonian (1), we have performed a typical Monte Carlo (MC) algorithm, in which the probability of states is exp (-∆H/k B T), where T is absolute temperature, k B is the Boltzmann factor, and ∆H is the energy difference between neighboring states. A number of MC running steps equals 10 6 , and the thermalization is carried out in 10 5 steps.
Discussion
At the adiabatic regime (Fig. 1) , the average residual energy behaves in agreement with the KZ mechanism (see, for instance, [12] ). These data allow us to discuss, how far the LZ theory is satisfied to the hypothesis, following from the experiment [5] , where a density of kinks could be measured hereafter. The lattice models for lipids are widely known [18] ; in their frames, an aggregation scale and a lattice size are comparable. Thus, it will be possible to construct a structure parameter of fluid aggregates and lipidic mixtures in terms of quantum Ising models [8] .
Some interesting 3D calculations [19] are known for vortex strings in the He isotopes, which qualitatively agree with our results (Fig. 2) .
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However, our approach encloses the next problem. The KZ-type models contain a concentration dependence, an absence of which was emphasized especially for the cryogenic experiments [5] on the lipid mixtures. Sometimes [15, 16] , at the calculations of domain wall sizes in the onedimensional case, this question is imperceptible, but is not solved for different types of soft solids [3, 5] . 
Conclusion
So, in contrast to lipidic phases without defects, where phase transformations may be characterized in classical Ising models [20] , the case of unexplored low-temperature phase transitions compels us to involve the quantum lattice model with a random transverse field.
If the domain walls are annihilating and/or generating a new phase, then it is reasonable to continue the experiments in a wide amplitude and frequency range. The discussed model can be tested also in neutron diffraction experiments on similar lipidic membranes [6] .
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In the case of AFM, and in general in the presence of a substrate [7, 21] , the observable relaxation peaks have to be separately specified.
